Introduction
Most pathogenic microorganisms occur in the blood during the course of infectious diseases. The presence of viable bacteria within the bloodstream is known as bacteraemia whereas the condition septicaemia is a systemic disease caused by the presence and persistence of pathogenic MG Kurtoglu, H Bozkurt, O Tuncer et al.
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microorganisms and their toxins within the blood.
1 Pathogenic microorganisms can cause septicaemia by directly entering the circulatory system, or they may enter as a result of injury to capillary endothelial cells in the course of systemic infections. This latter, indirect, means can equally be considered as a cause of septicaemia. 2 The mortality rate related to bacteraemia depends on the number and type of microorganisms and also the age of the patient; rates are low in patients < 20 years of age and high (up to 49%) in those aged > 50 years. 3 Mortality rates from septicaemia were reported to be > 40% in hospitalized patients.
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Despite recent developments, such as nucleic acid probes, polymerase chain reaction (PCR), and other molecular techniques for microbiological diagnosis, blood cultures still remain the most practical and reliable method for the diagnosis of infections in the bloodstream. 6 Blood cultures are one of the most important tools used by medical staff in the field of clinical microbiology.
Rapid isolation and identification of microorganisms in blood samples enables selection of the most appropriate treatment, which is critically important for reducing the mortality rate. 6 The fact that microorganisms can be present in blood, either constantly or temporarily, presents a dangerous situation for every organ in the body. Microorganisms entering the bloodstream can result in severe sequelae, such as shock, organ failure and disseminated intravascular coagulation (DIC), which can lead to a high mortality rate. 7 -9 Gram-positive and The aim of the present study was to determine the detection times and the distribution of bacteria and yeasts isolated from blood samples using the BACTEC™ 9050 and BACTEC™ 9120 automated systems over a 4-year period in a Turkish university hospital.
Patients and methods

BLOOD SAMPLES
This study analysed blood samples for culture from patients referred by local clinics to the Microbiology Laboratory of Yüzüncü Yil University (Van, Turkey) between January 2002 and December 2005. For each patient, blood samples were collected into two separate bottles. Samples from adults (5 -10 ml) were placed into BACTEC™ Plus Aerobic/F blood culture bottles (Becton Dickinson, Franklin Lakes, NJ, USA) and those from children (0.5 -5 ml) were placed into BACTEC™ Peds Plus/F blood culture bottles (Becton Dickinson). All of the phlebotomies were performed with peripheral sticks, and the blood samples were drawn by a clinician at the patient's bed-side after cleaning the skin with 70% isopropyl alcohol and applying 10% povidone-iodine for 1 min.
BLOOD CULTURE
Following collection, the blood samples were incubated in BACTEC™ 9050 or BACTEC™ 9120 automated blood culture instruments Microorganisms isolated from blood cultures in a Turkish hospital (Becton Dickinson) until flagged as positive or for up to 5 days. If there was suspicion of brucellosis or fungaemia, the incubation period was extended to 14 days. When blood cultures became positive, the broth was Gram-stained and sub-cultured onto sheep blood agar (Difco™, Becton Dickinson) and eosin methylene blue agar plates (Difco™, Becton Dickinson). No anaerobic blood culture bottles were used or evaluated in the present study.
MICROORGANISM IDENTIFICATION
When growth was detected, the bacteria were identified using Sceptor (Becton Dickinson) identification panels and yeasts were detected using conventional microbiological procedures as well as the Mycotube test kit method (BBL™ Diagnostics, Becton Dickinson). Identification of Brucella spp was performed by measurement of hydrogen sulphide urease production and dye tests. 4 Brucella polyvalent antisera from the Refik Saydam Hygiene Center, Ankara, Turkey were used to confirm the diagnosis of Brucella spp.
Cultures in which skin flora, such as coagulase-negative staphylococci (CNS), Streptococcus spp, diphtheroid bacilli and Bacillus spp, were detected were regarded as contaminated. 4 CNS and other common skin flora were considered to be pathogens only if one or more of the following criteria were fulfilled: (i) the organism was recovered from two or more cultures; (ii) the clinical significance of the presence of these pathogens was obvious; and (iii) the patient had an indwelling vascular catheter or prosthetic device.
When a blood culture bottle was flagged as positive but no microorganisms were seen on Gram-stained smears and no growth was observed on the agar plates, it was defined as a false-positive blood culture. When a blood culture bottle was flagged as negative, but microorganisms were seen on Gram-stained smears and growth was observed on the agar plates, it was defined as a false-negative blood culture.
ANTIMICROBIAL SUSCEPTIBILITY TESTS
Antimicrobial susceptibility tests were performed using Sceptor panels, but the susceptibility testing of bacteria not included in Sceptor panels, such as Brucella spp, were performed by conventional disc diffusion.
Results
A total of 8986 blood cultures were analysed and, of these, 1914 (21.3%) were positive for pathogenic microorganisms. The distribution of positive cultures according to the therapy area of the clinic that provided the blood samples is presented in Table 1 . Among the pathogenic microorganisms, 436 (22.8%) were Gram-positive cocci, 1440 (75.2%) were Gram-negative bacilli and 38 (2.0%) were yeasts (all of which were Candida spp). There were 936 (48.9%) cultures with CNS, 302 (15.8%) with S. aureus, 60 (3.1%) with Brucella spp and 616 (32.2%) with other pathogens. The distribution and antimicrobial susceptibility rates of S. aureus and CNS are presented in Table 2 , those of Streptococcus spp and Enterococcus spp are presented in Table 3 and Gram-negative bacteria are presented in Table 4 .
The mean detection times for Grampositive bacteria, Gram-negative bacteria and yeasts were 19, 16 and 24 h, respectively. The mean detection time for all microorganisms was 21 h. Yeasts and Brucella spp were isolated within 10 days. Of all the blood cultures (n = 8986) determined, 252 (2.8%) were regarded as being contaminated, and 18 (0.2%) were false Microorganisms isolated from blood cultures in a Turkish hospital negatives and 224 (2.5%) were false positives.
Discussion
The development of automated blood culture systems has increased the rates of bacterial isolation and reduced the detection time. Improvements in the technology and instrumentation of these automated blood culture systems have also resulted in increased reliability of output data. The present study analysed a total of 8986 blood cultures, 21.3% of which were found to contain pathogenic microorganisms, giving a positive result using the BACTEC™ 9050 and BACTEC™ 9120 automated culture instruments. Of these positive cultures, 75.2% comprised Gram-negative bacteria, 22.8% comprised Gram-positive bacteria and 2.0% comprised yeast cells. Positive cultures were mainly isolated from the following clinics: paediatrics, reanimation and internal medicine. Özyurt et al. 11 found that the clinics that produced the most blood cultures were intensive care units, internal medicine and paediatrics departments, which was consistent with the findings of the present study.
The isolation rate of positive blood cultures was found to be 21.3% in the present study which lies between rates of 4.8% and 26% previously reported by other studies in Turkey. 11 -14 The mean detection time for all pathogens in the present study was 21 h which is similar to the 23 h obtained by Cockerill et al. 15 . For yeasts, the mean detection time in the present study was 24 h, which is in contrast with that of 41 h reported by Smith et al. 16 In studies in which the BACTEC™ 9240 system was used, pathogens were detected in 87 -90.2% of samples within the first 24 h. 17, 18 The false-positive rates in blood cultures have been reported to vary from 0.4% to 3.4%, and false-negative rates have varied from 0.02% to 0.5%. 11,16,19 -22 Comparable rates of 2.5% and 0.2%, respectively, were found in the present study.
In previous years, Gram-negative bacteria were most commonly encountered in blood cultures however, more recently, Grampositive bacteria have become the more 
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73 (70) 69 (66) 100 (42) 62 (26) 61 (34) 86 (19) 73 ( Table 5 . 11 -14,26,27,34 -40 It is generally accepted that a contamination rate of > 3% of total blood cultures in a study indicates a problem with the method. The contamination rate in the present study was 2.8% which lies within the accepted contamination value and is low in comparison with contamination rates of 1.21 -13.6% reported by other studies. 11, 13, 16, 21, 22 Mortality from fungal infections in intensive care units is reported to be 38 -75% and, in recent years, there has been an increase in the rates of fungal infections with nosocomial origins. 41 -43 Most of these involve Candida spp, of which 48% of are Candida albicans. 41 Previous studies have reported that the detection rate of Candida spp in blood cultures varies from 1.8% to 12.5%.
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The detection rate for Candida spp in the present study was 2.0%. Lark et al. 44 found that infection rates with Candida spp have the highest crude mortality rate (67%), followed by those due to E. coli and CNS. It has recently been reported that staphylococci have become more resistant to methicillin and oxacillin, 22, 30 and the present study found that resistance to oxacillin was 60% for S. aureus and 68% for CNS. Methicillin-resistant S. aureus detection rates of 0.6 -43.0% have been reported in Sweden, Belgium, Greece, Ireland, the UK and Israel, and vancomycin resistant enterococcus detection rates of 0 -21.2% have been reported for Switzerland and Ireland. 45 Other studies have reported oxacillin resistance rates of 4 -66% for S. aureus and 55 -86% for CNS. 22,26 -28,33,45,46 In a study by Dorobȃt , et al., 46 S. aureus resistance rates were 38.9% for gentamicin and 27.7% for ciprofloxacin and erythromycin. 46 Various researchers have reported that resistance to vancomycin is 7 -21% for S. aureus strains 26,47 and 1.4 -11% for CNS. 26, 27 In contrast, some researchers have reported no resistance of CNS and S. aureus strains to vancomycin in concordance with the findings of the present study. 27, 34, 46 Similarly we found no resistance to vancomycin for staphylococci and enterococci. Some previous reports have also failed to show vancomycin resistance in enterococci, 26, 27, 34 however two different studies reported vancomycin resistance rates to enterococci to be 6.1% and 0.4 -10.3%. 45, 48 The frequent administration of β-lactam antibiotics, broad-spectrum cephalosporins and quinolones in hospitals creates an environment in which multi-drug resistant microorganisms can flourish. 49 26 reported that the susceptibility rates of Klebsiella spp and Enterobacter spp to ceftriaxone were 47% and 67%, respectively. In the present study, the susceptibility rate to ceftriaxone was 25% for Acinetobacter spp and E. coli was 25% and 72%, respectively. In the study by Fındık et al., 55 the susceptibility rates of E. coli strains were found to be 100% to meropenem, 91% to amikacin and 81% to ciprofloxacin. Köksal and Samasti 12 reported similar rates of 100% to meropenem, 97% to amikacin and 82% to ciprofloxacin. Jones et al. 54 reported a susceptibility of Klebsiella spp to ceftriaxone of 96.4%. In the present study, the most effective antibiotics against E. coli were meropenem (100%), amikacin (96%) and piperacillin/ tazobactam (95%). The resistance rates of E. coli, Klebsiella spp and Acinetobacter spp to flouroquinolone were 18%, 12% and 9%, respectively, suggesting that considerable care should be taken to avoid excessive administration of these antimicrobial agents.
In the treatment of these microorganisms, the present study found that carbapenems were the most effective. While Yüce et al. 14 found that resistance to carbapenem and amikacin was 2% for Acinetobacter spp, rates of 4% and 21% for meropenem and amikacin, respectively were found in the present study. A previous study by Dorobȃt , et al. 46 showed imipenem and ciprofloxacin as the most effective agents against Enterobacteriaceae (89.2%). Orrett and Changoor 56 reported that ciprofloxacin and ceftriaxone were among the most effective agents against Klebsiella spp and Enterobacter spp.
Our current findings and those reported by other studies suggest that CNS are the most frequently isolated microorganisms isolated from blood cultures taken within a hospital setting. The isolation frequencies of S. aureus and Gram-negative bacteria vary and the antimicrobial susceptibility rates of CNS, S. aureus and Gram-negative bacteria vary. It is essential, therefore, that blood cultures which can assist clinicians in the diagnosis and treatment of infections should be performed routinely and that each hospital should be aware of the prevalence of pathogens in their setting. This should enable clinicians to develop rational treatment regimes, including administration of the most appropriate antibiotics.
